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The purpose of this study is to evaluate whether the range of mo-
tion exercise of the temporo-mandibular joint (jaw ROM exer-
cise) with a hot pack and massage of the masseter muscle im-
prove biting disorder in Duchenne muscular dystrophy (DMD). 
The subjects were 18 DMD patients (21.3 ± 4.1 years old). The 
jaw  ROM  exercise  consisted  of  therapist-assisted  training  (2 
times a week) and self-training (before each meal every day). The 
therapist-assisted training consisted of the application of a hot 
pack on the cheek of the masseter muscle region (15 minutes), the 
massage of the masseter (10 minutes), and jaw ROM exercise (5 
minutes). The self-training involved jaw ROM exercise by open-
ing the mouth to the maximum degree, ten times. These trainings 
continued for six months. Outcomes were evaluated by measur-
ing the greatest occlusal force and the distance at the maximum 
degree of mouth opening between an incisor of the top and that 
of the bottom. Six months later, the greatest occlusal force had in-
creased significantly compared with that at the start of jaw ROM 
exercise (intermediate values: from 73.8N to 97.3N) (p = 0.005) as 
determined by the Friedman test and Scheffé’s nonparametric 
test. The patients’ satisfaction with meals increased. However, 
the maximum degree of mouth opening did not change after six 
months of jaw ROM exercise. Jaw ROM exercise in DMD is ef-
fective for increasing the greatest occlusal force. 
Key  words:  Duchenne  muscular  dystrophy,  exercise,  occlusal 
force
Introduction 
The jaw ROM exercise with a hot pack and massage 
of masseter were effective for occlusal force increase in 
DMD. The greatest occlusal force was significantly high-
er 6 months after the jaw ROM exercise than at the start. 
Furthermore, the jaw ROM exercise reduced patients’ fa-
tigue during a meal and gave patients a feeling of satisfac-
tion. We report the effect of this jaw ROM exercise. 
Muscle atrophy in DMD progresses with age, and 
muscle atrophy is not restored naturally. Also, in the mus-
cle involved in deglutition, muscle atrophy is irreversible 
without exception. 
Deglutition is divided into four phases, the prepa-
ration, oral, pharynx, and esophageal phases (1). Food 
is cut into small pieces in the buccal cavity, and mixed 
with saliva to form an alimentary bolus in the prepara-
tion phase. The formed alimentary bolus is transported to 
the pharynx in the oral phase. In the pharynx phase, the 
alimentary bolus progresses from the buccal cavity to the 
pharynx and transfers to the esophagus. In the esophagus 
phase, the alimentary bolus is transported to the stom-
ach by peristalsis. Many muscles are involved in these 
phases. 
According to a previous study on dysphagia in DMD, 
disturbance in the preparation and oral phases (the prepa-
ration/oral phase) is already apparent in patients in their 
teens (2). As patients reach their 20s, they show distur-
bance in the pharynx phase (3, 4). In the preparation/
oral phase in DMD, decreased occulusal force, maloc-
clusion, macroglossia, and lingual muscle weakness are 
observed. 
The occlusal force of DMD patients in their teens is 
markedly lower than that of healthy persons of the same 
age (5). Biting disorder causes loss of appetite, fatigue 
during meals, and nutritional deficiencies. Moreover, the 
pleasure  of  eating  is  diminished.  Therefore,  measures 
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against these problems should be taken when patients are 
still in their teens. However, no report was available that 
was related to interventions in biting disorder in DMD. 
The main causes of biting disorder in DMD are a de-
creased occlusal force and malocclusion. For malocclu-
sion, forward incisors and posterior molar apertognathia 
are generally common (6, 7). The therapy for the maloc-
clusion should be orthodontic or orthogonathic in gen-
eral. However, such therapies are not necessarily appli-
cable to DMD patients. Therefore, we examined whether 
jaw ROM exercise is feasible for amelioration of biting 
disorder of such patients, which could be carried out by 
the bedside.
The purpose of this study is to evaluate whether jaw 
ROM exercise with a hot pack and massage improve bit-
ing disorder. This study was designed as an open study of 
jaw ROM exercise of DMD patients. 
Patients and methods
Twenty patients with DMD, 16-29 years old, who 
were admitted to five hospitals were registered in this 
study. They were not able to sit up without support, did 
not receive respiratory care during the daytime, had bit-
ing disorder, but they ate per os, and did not undergo tube 
feeding. Two patients stopped the jaw ROM exercise af-
ter 4 months of training, because of cardiac insufficiency. 
We analyzed the data of 18 patients (21.3 ± 4.1 years old 
male) excluding data of these two patients. 
When biting, the jaw joint becomes the fulcrum, and 
the masseter, temporal muscle, and the medial pterygoid 
muscle are involved. Among these muscles for biting, the 
massetter is easy to intervene from the body surface (Fig. 
1-a). 
The jaw ROM exercise consisted of therapist-assisted 
training (2 times a week) and self-training (before each 
meal). 
Figure 1. Jaw ROM exercise.
a)  Anatomy of masseter: The masseter works primarily in mouth closing. In addition, this muscle is easy to intervene from the body 
surface. 
b)  Hot pack: A therapist warmed the masseter with a hot pack for 15 minutes by supporting the hot pack with his hands so as not to 
fall. 
c)  Massage: Immediately after the hot pack application, the therapist massaged the masseter with both hands from the top to the 
bottom to the degree that the patient did not feel pain, 24 times per minute. 
d)  Jaw ROM exercise: Immediately after the masseteric massage, the therapist asked the patient to repeat mouth opening maximally 
at the patient’s own pace for 5 minutes. When the patient opened his mouth, the therapist applied a mild resistance to the chin of 
the patient using one hand.S. Nozaki et al.
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In  the  therapist-assisted  training,  the  therapist 
warmed the masseter of the patient with a hot pack and 
then massaged the masseter to enhance the effect of the 
jaw ROM exercise. To prepare a hot pack, silica gel was 
placed in a cloth bag and warmed in hot water of 80°C℃ 
approximately for 10 min. The warmed bag was covered 
with a dry towel to protect the skin of the patient from 
burning, and wrapped in a plastic bag to maintain tem-
perature. The hot pack was placed on the cheek of the 
masseter muscle region for 15 minutes and supported 
with the hands so as not to drop (Fig.1-b). Next, im-
mediately after applying a hot pack, the masseter was 
massaged from the top to the bottom with both hands 24 
times per minute to the degree that the patient did not 
feel pain (Fig.1-c). Immediately after the massage, the 
therapist asked the patient to perform the jaw ROM ex-
ercise repeatedly at his own pace for five minutes. When 
the patient opened his mouth, the therapist placed a hand 
under the patient’s chin and applied a mild resistance 
(Fig. 1-d).
In  the  self-training,  the  patient  performed  the  jaw 
ROM exercise in 10 cycles, before each meal three times 
every day. The therapist-assisted training and self-training 
were continued for six months. 
Outcomes were evaluated by measuring the great-
est occlusal force and the distance between an incisor of 
the top and that of the bottom at the maximum degree of 
opening the mouth. 
In the greatest occlusal force measurement, we used 
a bite pressure meter (Occlusal Force Meter GM10 (Na-
gano Keiki)). Each patient was asked to bite the sensor 
part of the bite pressure meter with the greatest force (Fig. 
2-1a). The target tooth for the occlusal force measure-
ment was the first molar. However, when the measure-
ment of the first molar was difficult because of maloc-
clusion, measurement was conducted using another tooth. 
The measurement was carried out in accordance with the 
instructions of a dentist, who examined buccal cavity of 
the  patient  and  observed  the  occlusion  and  suggested 
which tooth is the most suitable if we measure occlusal 
force. The same examiner measured the same tooth in 
each evaluation (Fig. 2-1b). Measurement was carried out 
successively five times. 
We measured the maximum degree of mouth open-
ing using a micrometer caliper (Fig. 2-2). Each patient 
was instructed to open his mouth to the maximum degree. 
We measured the degree of mouth opening successively 
three times. It was determined that this number of meas-
urements did not tire the patients. 
Figure 2. Outcome Measurement 
1)  Measurement of the greatest occlusal force: 
a)  We used a bite pressure meter, Occlusal Force Meter GM10 (Nagano Keiki), for the greatest occlusal force measurement. We 
asked the patient to bite the sensor part (arrow) of the bite pressure meter with the greatest force. 
b) The target tooth for the occlusal force measurement was the first molar. 
We measured the greatest occlusal force; the same examiner measured each time, using the same tooth. 
2)  Measurement of maximum distance between an incisor of the top and that of the bottom at the maximum degree of mouth opening. 
We measured the maximum degree of mouth opening using a micrometer caliper. We asked the patient to open his mouth to the 
maximum degree. 
1)
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395
Ethical review 
This study was approved by the ethics committees of 
the five participating hospitals (Tokushima National Hos-
pital, Higashisaitama National Hospital, Matsue Medical 
Center,  Hyogochuo  National  Hospital,  Toneyama  Na-
tional Hospital). We explained the details of this study 
to the patients in a document, and their written informed 
concent was obtained. 
Statistical analysis 
The greatest occlusal force and the maximum degree 
of mouth opening obtained at the start (baseline), 2, 4, 
and 6 months of jaw ROM exercise were analyzed by the 
Friedman test (8), respectively. In case that the Friedman 
test was significant, the nonparametric version of Scheffé 
test (pairwise comparison) (9) was employed.
Results 
Data  of  18  patients  were  analyzed  by  the  Fried-
man test and Scheffé test. The greatest occlusal forces 
(mean ± SD Newton (N)) were 79.0 ± 46.6 N, 80.1 ± 40.4 
N, 91.2 ± 40.9 N, and 102.6 ± 37.9 N at the baseline and 
after two, four, and six months of the jaw ROM exercise. 
The p value of the Friedman test was 0.0016, and the null 
hypothesis was rejected. In the Scheffé test, the greatest 
occlusal  force  (the  median)  increased  significantly  six 
months later (97.3 N) compared with that at the baseline 
of jaw ROM exercise(73.8 N) (p = 0.005) and two months 
later (76.8 N) (p 0.02) (Fig. 3). 
The maximum degrees of mouth opening (mean ± SD 
mm) at the baseline and after two, four and six months of 
the jaw ROM exercise were 32.1 ± 17.7 mm, 33.0 ± 17.1 
mm, 32.1 ± 17.1 mm, and 31.3 ± 14.7 mm, respectively. 
The p value in the Friedman test of the maximum degree 
of mouth opening was 0.54, and the null hypothesis was 
not used for the Scheffé test because it was not rejected 
(Fig. 4). 
By the jaw ROM exercise for six months, the greatest 
occlusal force increased significantly, but the maximum 
degree of mouth opening did not change. The patient told 
us, “I do not get tired from biting, and I can eat more 
kinds of food than before.” 
Discussion 
This is the first report on the increase of the occlusal 
force of DMD patients. The jaw ROM exercise gave the 
DMD patients a feeling of satisfaction with their appetite. 
This means that the applicability of jaw ROM exercise 
was confirmed subjectively and objectively. 
Figure 3. Changes in greatest occlusal force at the base-
line and after two, four, and six months of jaw ROM exercise. 
The greatest occlusal force after six months of jaw ROM 
exercise significantly increased compared with that at the 
baseline (p = 0.005), and after two months (p = 0.02). The 
bold line of a box plot shows the median, the upper end 
shows 75% and the bottom end shows 25%. 
Figure 4. Changes in maximum degree of mouth open-
ing at the baseline, and after two, four, and six months of 
jaw ROM exercise; no significant change was found. The 
bold line of the box plot shows the median, the upper end 
shows 75% and the bottom end shows 25%.S. Nozaki et al.
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Occlusal  force  increases  up  to  approximately  20 
years of age in healthy persons. In the natural history 
of DMD, occlusal force does not increase in patients in 
their teens or older (2). On the basis of this finding, we 
did not compare the training effect between the groups of 
patients with and without the jaw ROM exercise, but we 
compared the effect in terms of the time course. 
The occlusal force of DMD patients is markedly low-
er than that in healthy persons of the same age (5). Mus-
cles contributing to the occlusion of the mouth are the 
masseter, temporal muscle, and medial pterygoid muscle. 
The masseter acts mainly to generate occlusal force. The 
factors causing the degradation of occlusal force are mus-
cle atrophy, muscle and soft tissue consolidation (7, 10), 
and malocclusion (11, 12). Among these factors, we con-
sider that the effect of the jaw ROM exercise is mainly on 
the amelioration of the consolidation of the masseter and 
soft tissue. 
In this study, we applied a hot pack on the cheek of 
the masseter muscle region and massaged the masseter 
before the jaw ROM exercise. These actions were use-
ful to reduce the consolidation of the masseter and soft 
tissue. 
The hot pack enhances hypodermal blood flow by 
warming the body surface and increases the intramuscu-
lar temperature in a deep part of hypodermal tissue (13). 
It is confirmed that the temperature of the muscle depends 
on hypodermal thickness (14). In the case of DMD, the 
hypodermal tissue is thin, and the temperature of the mas-
seter increases sufficiently to increase the blood flow in 
the masseter and soft tissue. Then, the extensibility of the 
masseter and soft tissue increases (15, 16), and the mus-
cle softens (17, 18). 
The  masseteric  massage  performed  immediately 
after a hot pack application also increased the extensi-
bility of the masseter and soft tissue around the mus-
cle (15, 16). The increase in the extensibility of the mas-
seter augmented muscle force: as a result, the greatest 
occlusal  force  increases.  The  self-training  served  to 
maintain the effect. 
In animal experiments, it was observed that there is a 
muscle force augmentation effect when we let an animal 
exercise after a hot pack application (13, 19). It is consid-
ered that the heat shock protein increased muscle protec-
tion from heat load other than blood flow improvement, 
which contributes to muscle force augmentation (20, 21). 
In DMD, a similar muscle protection may have been pro-
vided by a hot pack. Using muscle imaging, it is possible 
to observe changes of muscle. However, because of the 
physical condition of the patients, it was difficult to carry 
out such an imaging. 
Among the outcomes, the maximum degree of mouth 
opening did not change significantly. The muscle contrib-
uting to the mouth opening is the lateral pterygoid muscle 
that is located in the deeper muscles. Thus, non-efficacy 
of the treatment may be due to the difficulty in interven-
tion to the muscle from the body surface with hot pack 
and massage. 
Taken together, we consider that the jaw ROM ex-
ercise  improved  the  symptom  of  muscular  disuse  or 
underuse. For the masseter, the jaw ROM exercise is 
a suitable intervention for strategy as muscle atrophy 
progresses. It is a future problem whether we can expect 
a further increase or maintain the greatest occlusal force 
by continuing the jaw ROM exercise for more than six 
months. 
Conventionally, in the course of DMD, occlusal mus-
cle weakness develops 2 years earlier than perioral mus-
cle weakness (22). From the results of this study, we sug-
gest that we should begin this jaw ROM exercise when 
patients are in their teens. 
conclusions 
Jaw ROM exercise in DMD increases the greatest oc-
clusal force. 
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